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I. In t roduc t ion  

The present  semi-annual r e p o r t  r e p r e s e n t s  a summary of 

t h e  w o r k  performed during t h e  l a t t e r  p a r t  of t h e  c o n t r a c t  year ,  

November 1, 1964, t o  Apr i l  30, 1965. Major e f f o r t  was directed, 

during t h e  l a s t  six months, t o  improving t h e  a n a l y t i c a l  tech- 

niques f o r  t h e  determination of t h e  f i v e  major elements t h a t  

might be measured on t h e  lunar  su r face  using 14 MeV neutron 

a c t i v a t i o n  techniques w i t h  emphasis on t h e  upper and lower li- 

m i t s  of measurement. Other a reas  of r e l a t e d  work some of which 

a r e  i n  progress  a r e  also described i n  t h i s  r e p o r t ,  

Although s e v e r a l  authors  inc luding  Prof. Urey have sug- 
0 

gested t h a t  t h e  chemical composition of luna r  su r face  m a t e r i a l  

may be s i m i l a r  t o  tha t  of chondr i t i c  me teo r i t e s , r ecen t  ranger  

s h o t s  t h a t  revealed close-up p i c t u r e s  of t h e  moon have led 

many s c i e n t i s t s  t o  ponder whether it may have an e n t i r e l y  d i f -  

f e r e n t  composition. I t  is hard t o  prove o r  disprove e n t i r e l y  

any hypothesis  concerning t h e  n a t u r e  of the  luna r  su r face  un- 

less an a c t u a l  a n a l y s i s  is  c a r r i e d  out: b u t  t h e  a n a l y s t  should 

be prepared t o  analyze any kind of m a t e r i a l  h i s  instruments  

may have access  to. It is t he re fo re  important t o  determine 

how small  a quan t i ty  of var ious elements can be measured i n  e 



1-2 

any matrix using the present techniques and what type of inter- 

ference one can expect from other expected major components of 

the sample. For a specified volume or mass of the material to 

be analyzed there is also an upper limit of measurement of a 

particular element under a pre-chosen set of conditions due to 

such factors as the dead time loss encountered in the analyzer 

and this also has to be investigated before optimizing the pro- 

cedural steps. Answers to the above questions were sought by 

analyzing "simulated moon matrix" samples with four of the five 

major elements fixed and different proportions of the fifth 

using pre-defined parameters for activation and counting. This 

work has been described in detail in Chapter 11. 

Development of a dual crystal NaI (Tl) - CsI (Tl) scintil- 

0 

lation detector, in our laboratory, for the reduction of Compton 

contribution in gamma-ray spectrometry has been reported in 

the previous semi-annual report. 

of this detector system is essentially based on the reduction 

of the rise and decay times of the photomultiplier output pulse 

produced by a Compton interaction with the NaI crystal by the 

addition of another light pulse resulting from the interaction 

of the same Compton scattered gamma with the CsI crystal. This 

The principle of operation 
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detector system has been used extensively to test and evaluate 

the degree of the Compton reduction that may be achieved in 

gamma-ray spectrometry. The limitations of the presently used 

system and the modifications that are necessary to get better 

results have been summarized in Chapter 111. 

it has been an important objective of this Laboratory in 

the past to seek or design systems which produce the best re- 

sults from the analysis, for the five major elements, of any 

geological material with minimum restrictions. 

that coupling five single channel analyzers with a detector 

and choosing the proper window width for the principal gamma- 

ray peaks of these elements may help to perform the analysis 

in a minimum amount of time with simplified equipment. 

laboratory experiments prove to be successful such a system, 

which is expected to be lighter than the multichannel analyzer, 

might be recommended for substitution for the latter in future 

probe. 

is reported in Chapter IV. 

It was thought 

0 

If the 

Preliminary work performed so far along these lines 

All the samples so far analyzed by 14 Mev neutron activa- 

tion techniques are terrestrial samples. It was felt desirable 

to apply similar techniques for the analysis of an extra-terres- 

trial sample, meteorites for instance, which may be quite 0 
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similar in composition to lunar surface material. Although much 

work has been done to measure the abundances of most of the con- 

stituents of the chondritic meteorites the majority of the anal- 

yses for the major elements were performed using conventional 

gravimetric methods. 

might give better results on the abundtnces of these elements are 

now being employed to measure the concentrations in chondritic 

meteorites and also in two terrestrial samples, siderolite and 

tektite. 

in the above samples together with a method for measuring the 

individual activities of MnS6 and Mg2’, both of which have vir- 

tually identical gamma-ray peaks, are described in the last 

chapter. 

Activation analytical techniques which 

Preliminary work on the measurement of these elements 

0 
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IS. Tolerance Levels  of In t e r f e rence  from one Element t o  t h e  
Other i n  14 Mev Neutron Ac t iva t ion  Analysis  of Simulated 
Moon Matrix - bv M. Y, Cuvpers. Ph.D. 

In t roduct ion:  A l una r  su r face  composition s i m i l a r  t o  tha t  

of chondr i t i c  meteorites o r  igneous rocks has  been suggested by 

seve ra l  au thors  (Urey, 1960; F i t e . e t  a l ,  1962). The major com- 

ponents of these rocks,  w h i c h  s e e m  t o  be f e a s i b l e  f o r  a n a l y s i s  

by 14 Mev neutron a c t i v a t i o n  technique a r e  oxygen, i r o n ,  a lu-  

minum, s i l i c o n  and magnesium. Other  major components, such a s ,  

carbon, calcium, sulphur ,  t i t an ium and n i cke l  do not  have good 

nuc lea r  c h a r a c t e r i s t i c s  t o  be analyzed w i t h  t h i s  technique. 0 
Sodium and potassium w i l l  produce r ad io i so topes  whose gamma- 

r ay  spec t r a  a r e  completely overlaped by those  due t o  the  first 

f i v e  elements. 

The s tudy of the f e a s i b i l i t y  of the ana lys i s  of oxygen, 

i r o n ,  aluminum, s i l i c o n  and magnesium has been completed and 

described previous ly  (F i t e  et al, 1964). Considering the  pos- 

s i b i l i t y  t h a t  t h e  luna r  sur face  may con ta in  these five major 

elements b u t  i n  d i f f e r e n t  ratios than  w e r e  observed i n  s tone  

me teo r i t e s  o r  igneous rocks, it was fe l t  worthwhile t o  inves- 

t i g a t e  the  upper and lower l i m i t s  of measurement of t h e  above 
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0 
elements. I n  t h i s  study, answers t o  t w o  s p e c i f i c  ques t ions  

w e r e  sought: 

a )  What i s  t h e  minimum d e t e c t a b l e  concent ra t ion  f o r  each 

of t h e  f i v e  elements i n  t h e  presence of a normal moon matrix? 

A "normal moon matr ix"  w i l l  be def ined  later. 

b) What i s  t h e  upper to le rance  l i m i t  for  each major ele- 

ment p re sen t  i n  a simulated moon matr ix? 

Because t h i s  gene ra l  study i s  e s p e c i a l l y  concerned with 

the dead time of t h e  analyzer  and a l s o  the shape of t h e  gamma- 

r ay  spectrum obtained a f t e r  a c t i v a t i o n  of a mixture  with 14 

Mev neutrons,  and t h a t  t h e  s i z e  of t h e  sample has  EO major in- 

f luence  on t h e  answers for t h e  t w o  previous ques t ions ,  t h i s  
0 

experimental  work w a s  done with a Cockcroft-Walton a c c e l e r a t o r  

u s ing  1 g samples. 

Experimental Procedure: A "simulated moon matrix" w a s  de- 

f i n e d  a s  a mixture of t h e  oxides of i r o n ,  s i l i c o n ,  aluminum and 

magnesium i n  a propor t ion  t h a t  corresponds t o  an average per- 

c e n t  of each of t h e s e  elements i n  igneous rocks or meteorites. 

Each oxide has been dried c a r e f u l l y  i n  t h e  oven. Table I shows 

t h e  proposed l o w e s t  and h ighes t  per c e n t  abundance f o r  each of 

t h e  f i v e  major components and i n  t h e  l a s t  column t h e  average 

va lue .  A mixture conta in ing  M g ,  S i ,  0, A 1  and Fe i n  a propor t ion  
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defined by this average value, was used, in these experiments 

as a simulated moon matrix. 

To answer the first question as to what the minimum de- 

tectable concentration is for an element in a normal moon matrix 

and the second question, howmuch of one element is needed to 

make the analysis of anather element impossible, a mixture con- 

taining four out of the five elements was prepared. These four 

elements were mixed in a proportion of the simulated moon ma- 

trix. In most cases 200 mg of these mixtures was taken and 

mixed with different amounts of the fifth element going from a 

very low amount, hardly detectable, to a very high, where it 
0 

may possibly interfere with the determination of the other four 

elements. All the samples were packed in polyethylene vials. 

The sample containing the mixtures of different composi- 

tions is transferred by a pneumatic system to the irradiation 

position. After an irradiation time of 5 minutes, the samples 

are counted several times, with a waiting t h e  depending on 

the type of the mixture considered. The transfer time for the 

samples was 3 seconds and the flux of 14 Mev neutrons used was 

about lo8 n/sec-cm2. 
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Resul ts :  Four d i f f e r e n t  sets of mixtures  of oxides  of A l ,  

Fe, Mg and S i  w e r e  prepared. I n  each set t h e  concent ra t ion  of 

one of t h e  components was var ied,  while  keeping t h e  o the r  ele- 

ments i n  t h e  same r a t i o  as was chosen f o r  t h e  simulated moon 

matrix.  

I n  each mixture K2C03 was added, because potassium is  one 

of t h e  major elements t h a t  could be present .  

t e rmina t ion  of t h i s  element seems t o  u s  t o  be d i f f i c u l t ,  be- 

The precise de- 

cause of t h e  many i n t e r f e rences ,  The K38 formed by K39(n,2n)K38 

r e a c t i o n  e m i t s  pos i t rons ,  whose a n n i h i l a t i o n  produces two -51 

Mev gamma rays ,  Many o the r  elements such as, bromine, copper, 
0 

ch lo r ine ,  etc., on r eac t ion  with 14  Mev neutrons a l s o  produce 

pos i t ron  emitters; the r fo re ,  t he  in t e r f e rences  a r e  mul t ip le .  

Mixture I: Each sample of t hese  mixtures  i s  composed of 

t h e  f i v e  elements inc luding  potassium wi th  t h e  following pro- 

p o r t i o n s  by weight: 
24.7 mg of Mg 

56 mg of S i  
6.7 mg of K 

1 8 - 6  mg of Fe 
87.6 mg of 02 

The amount of A 1  added was var iab le .  Except f o r  potassium, 

ox ides  w e r e  used t o  make t h e  mixtures. 
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a) Measurement of Si l icon:  The de termina t ion  of t he  si- 

l i con ,  by t h e  A12* a c t i v i t y ,  shows a r e p r o d u c i b i l i t y  wi th in  6%. 

Table I1 shows t h e  number of counts p e r  m g  of s i l i c o n  obtained 

under t h e  photopeak of 1.78 MeV. 

b) Measurement of Aluminum: The determinat ion of A 1  by 

the g a m a  peak coming from MgZ7 is  given i n  F igure  1. 

c a l i b r a t i o n  curve shows t h a t  aluminum can e a s i l y  be determined 

i n  a mat r ix  w i t h  the above composition. When t h e  concentrat ion 

of A 1  s t a r t s  t o  be low, t he  a c t i v i t y  due t o  Mn56 make the  anal-  

y s i s  less prec ise .  

experimental  condi t ions  when A l / F e  r a t i o  i n  t he  mixture i s  > 1/3. 

This  g i v e s  our d e t e c t i o n  l i m i t  for t h e  determinat ion of alumi- 

num. 

This  

The curve i s  no t  l i n e a r  anymore under our  

0 

The r e s u l t s  from t h e  measurement of Fe conten t  of t h i s  

mixture ,  using the  .84 Mev gamma ray  coming from MnS6 a r e  shown 

i n  Table 111. 

The wai t ing  time w a s  80 minutes after the  end of the ir- 

rad ia t ion .  The r ep roduc ib i l i t y  (d i f f e rence  between the mean 

va lue  and the  upper and lower va lues)  is  i n  t h i s  case,  wi th in  

6% 0 

I n  t h i s  case w h e r e  105.7 mg of  A 1  w a s  p re sen t ,  10% of the  
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a c t i v i t y  a f t e r  80 minutes wai t ing time was s t i l l  due t o  t h e  Mg27 

a c t i v i t y .  But i n  t h i s  case t h e  A l F e  r a t i o  is  5 . 5 .  I n  a simu- 

lated moon matrix t h e  r a t i o  of A l F e  i s  0.7 and then t h e  a c t i -  

v i t y  due t o  Mg27 is  no t  higher t han  about 2% t h a t  of MnS6. The 

Na24 a c t i v i t y  coming from M g  and A 1  was no t  high enough t o  be 

ca l cu la t ed  p rec i se ly .  

Mixture 11: Each sample of t hese  mixtures is composed of 

t h e  f i v e  elements inc luding  potassium wi th  t h e  following pro- 

po r t ions  by weight: 
47.2 m g  of M g  
26.4 m g  of A 1  

35 m g  of F e  
12.9 mg of K 
76.2 mg of O2 

The amount of Si02 added was va r i ab le .  

a )  Measurement of S i l icon:  The A128 a c t i v i t y  due t o  si- 

l i c o n  has  been measured. F igure  2 shows t h e  c a l i b r a t i o n  curve 

of s i l i c o n  i n  t h i s  p a r t i c u l a r  mixture.  The lowest l i m i t  of 

s e n s i t i v i t y  for s i l i c o n  i n  t h i s  mixture is about 1 mg. This  

is  -5% of S i  i n  t h e  200 mg mixture. F igure  3 shows a t y p i c a l  

gamma-ray spectrum of t h i s  mixture conta in ing  -98 mg of sili- 

con. S i l i con  was no t  added i n  lower amounts than 0.98 mg,  be- 

cause t h e  homogeneity was not  good. Also when lower amounts 

of s i l i c o n  a r e  p re sen t ,  we can suspec t  a r e l a t i v e l y  h igher  0 
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con t r ibu t ion  i n  t h i s  energy region coming from the  1.81 Mev 

gamma ray  of Mn56 produced by t h e  FeS6(n,p)Mn56 reac t ion .  The 

upper l i m i t  f o r  t h e  s i l i c o n  concentrat ion w a s  d r a s t i c a l l y  re- 

duced by t h e  fact t h a t  the  dead time i n  t h e  ana lyzer  became 

t o o  high t o  have s i g n i f i c a n t  counting l o s s e s  when t o o  much si- 

l i c o n  was added. When 140 mg of s i l i c o n  was presen t  t h i s  fac- 

tor  inf luenced the  q u a n t i t a t i v e  r e s u l t s  considerably.  For 110 

m g  of s i l i c o n ,  which i s  t h e  quan t i ty  p re sen t  i n  the simulated 

moon matrix, however, the a c t i v i t y  due t o  A12* has disappeared 

a f t e r  20 minutes wai t ing  time. 

e b) Measurement of Aluminum: The photopeak counts  f o r  t h e  

.84 Mev gamma ray  due t o  MnS6 and Mg2’ i n  t h i s  mixture,  after 

1 minute wai t ing  time s t a y s  constant  w i th in  15%. T a b l e  IV 

shows the  r e s u l t s  of t h e  -84 Mev a c t i v i t y  as a func t ion  of the 

mass of s i l i c o n  p resen t  and percent  dead t i m e  i n  the analyzer.  

I f  0-2W dead time is  used f o r  the ana lyzer ,  the reproduci- 

b i l i t y  i s  wi th in  7%. 

Figure  4(a’) shows a spectrum where only 100 mg of mixture 

has been used, i n s t ead  of 200 mg. The .84 Mev gama-ray a c t i -  

v i t y  is t o o  low t o  be est imated p rec i se ly .  However, a f t e r  11 

minutes  wai t ing  t ime r * see Figure 4(b) 1 t h i s  a c t i v i t y  can be 
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easily estimated. The Na24 activity due to Mg and A1 has not 

been measured in this mixture, but the different masses of si- 

licon should not vary this activity because, a waiting time of 

30 minutes is always allowed before counting the 1-36 Mev gam- 

ma ray peak of Na24. The same is valuable for the -84 Mev peak 

after 30 minutes waiting time, giving the determination of iron, 

Indeed in Mixture I the reproducibility for the iron measure- 

ment was within 6%. In Mixture I1 the A128 activity cannot 

interfere after 30 minutes waiting time because of the complete 

decay of A128 at that time. 

0 Mixture 111: Each sample of these mixtures is composed 

of the five elements including potassium with the following 

proportions by weight: 

24.8 mg of Mg 
14.1 mg of A 1  
6.7 mg of K 

56 mg of Si 
97.1 mg of O2 

The amount of iron oxide added is variable. 

a) Measurement of Silicon: The determination of silicon 

Table in this mixture was made after a 1 minute waiting time. 

V shows the activity of A128 as a function of different size 

mixtures. 
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The r e p r o d u c i b i l i t y  i n  t h i s  ca se  i s  about 6% and t h e  table 

shows t h a t  t h e  i ron ,  even if presen t  i n  a high amount, does no t  

a f f e c t  t h e  determination of s i l i c o n  i n  t h i s  case. The s i l i c o n  

has t o  be p resen t  i n  a submilligram quan t i ty  t o  have s e r i o u s  

i n t e r f e r e n c e  from i ron ,  

b) Measurement of Aluminum: The determinat ion of alumi- 

num i n  t h e  presence of i r o n  is  d i f f i c u l t  i f  t h e  Mg27/Mn56 ac- 

t i v i t y  i s  low because both  i so topes  emit r a d i a t i o n s  w i t h  t h e  

same energy. T o  be su re  of t he  Fe and A 1  determination, a very 

p r e c i s e  decay curve has t o  be made i n  each case.  When the  alu- 

minum concent ra t ion ,  however, i s  about 100 times less than t h e  

i r o n  concent ra t ion ,  t h e  a n a l y s i s  of aluminum becomes d i f f i c u l t .  

A method i s  being developed i n  t h i s  labora tory ,  us ing  computer 

techniques,  t o  c a l c u l a t e  accura te ly  the  A 1  and F e  content  i n  

a mixture  of b o t h  components and t h i s  w i th  a minimum number of 

recounts  i n  a minimum period of t i m e .  

c )  Measurement of Iron: W e  have c a l c u l a t e d  from our  ex- 

per imental  r e s u l t s  t h a t  a f t e r  40 minutes wai t ing  t i m e ,  16 mg 

of Fe can s t i l l  be detected i n  a simulated moon matrix.  A high 

excess  of aluminum does n o t  i n t e r f e r e  because t h e  wai t ing  t i m e  

can be made longer,  so t h a t  the M g 2 7  decays out, 
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The determinat ion of i ron  by t h e  1.81 Mev gamma peak is  

feasible b u t  t h e  s e n s i t i v i t y  is l o w e r  by a f a c t o r  of - 1 0  than 

by us ing  t h e  -84  Mev gamma peak. 

Mixture IV: Each sample of t h e s e  mixtures  i s  composed of 

t h e  f i v e  elements including potassium wi th  t h e  following pro- 

p o r t i o n s  by weight; 

15 mg of A 1  
7.3 m g  of K 

60.6 mg of S i  
20 m g  of Fe 

95.6 m g  of 02 

The amount of magnesium oxide added is  va r i ab le .  

0 a )  Measurement of Si l icon:  The r e s u l t s  f r o m  t h e  determi- 

n a t i o n  of s i l i con  by the A128 a c t i v i t y  a r e  given i n  Table VI. 

The r e p r o d u c i b i l i t y  is within 11% so t h a t  one can conclude 

t h a t  t h e  d i f f e r e n c e  i n  magnesium amounts do n o t  change t h e  anal- 

y s i s  of s i l i c o n .  

b) Measurement of Aluminum: The determinat ion of t h e  Mg27 

-k Mn56 a c t i v i t y  from -84 Mev energy peak a l s o  is n o t  a f f e c t e d  

by t h e  d i f f e r e n t  amounts of magnesium. Table V I 1  shows t h i s  

fact f o r  samples counted a f t e r  13  minutes wai t ing  t h e .  The 

first va lue  seems t o  be t o o  high, otherwise t h e  r e p r o d u c i b i l i t y  

obta ined  is  about loO/o. 
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c) Measurement of Masnesium: Eighteen mg of Mg can be 

detected i n  t h i s  mixture by t h e  1.36 Mev gamma-ray peak of 

Na24 a f t e r  a 40-minute wai t ing t i m e  (see Figure  51, 

When 400 mg of Mg i s  p resen t  t h e  Compton effect from the  

1.36 Mev peak can interfere i n  t h e  determinat ion of t h e  aluminum 

and i r o n  i n  t h e  mixture. This much amount of Mg, however, could 

not be added t o  the mixture  because of the  l i m i t e d  v i a l  capa- 

c i t y .  The s tudy on t h e  ana lys i s  of t h e  magnesium on t h e  2.75 

Mev gama-energy peak could not  be done f o r  t he  same reason. 

Conclusion: I n  a simulated moon mat r ix  it was found t h a t  

a l l  t h e  f i v e  major components: namely, Fe, M g ,  A l ,  S i ,  and 02, 

can be analyzed e a s i l y .  

p r e c i s e  because of t h e  rather l o w  Na24 a c t i v i t y  induced, b u t  

no r e a l  i n t e r f e rence  i s  present. This  is t r u e  when small  Sam- 

p l e s  (200 mg mixtures)  are used. Using t h e  moon probe Mg could 

be e a s i l y  determined because of  t h e  l a r g e r  s i z e  of t h e  semi- 

i n f i n i t e  samples used i n  this  pre l iminary  measurement. 

As long a s  t h e  f i v e  major elements a r e  p re sen t  i n  t h e  

0 
Only t h e  Mg content  w i l l  no t  be very 

percentage range and i n  d i f f e r e n t  r a t i o s  as used i n  these  ex- 

periments ,  they can be analyzed f o r  and no important i n t e r -  

f e rences  a r e  observed. The only ana lys i s  t h a t  i s  sometimes 
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d i f f i c u l t  i s  that  of aluminum when the ccntent is too high. The 

oxygen w a s  not  measured because no interference due to  the other 

fou r  elements i s  poss ib le  and the analys is  i s  i d e n t i c a l  t o  that  

which has been done previously. 
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TABLE I 

Lowest Highest 
Element Abundance (%) Abundance @) Average (%I 

26 - 0 4 48 

Mg 

Si 

A1 

Fe 

.2 

15 

.5 

1.5 

22 

35 

12 

15 

11 

25 

- 
- 
- 6.2 

8.2 - 

TABLE I1 

1.78 Mev Photopeak A 1  Added Amount of 
Mixture Used Counts/mg Of Si m9 

1399 1.6 200 mg 

1277 5.48 200 mg 

1350 10.59 200 mg 

26.6 200 mg 1252 

1381 106 . 1 50 mg 

1329 105.7 25 mg 

Average = 1331 
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TABLE I11 

.84 MeV Photopeak Counts A 1  Added 
Corrected For Mg27 Act iv i ty  mg 

- - ~- ~ -~ -~ ~ 

2277 1.6 

2164 5.48 

2300 26.6 

2343 52.9 

2451 105.7 

Average = 2307 

TABLE N 

-84 Mev Photopeak Mass S i  Percent Dead T h e  
CountsDinute S tar t  End 

8.706 186.78 60 34 

8.163 93-4 44 24 

8.792 46.8 28 16 

9,546 23.5 22 12 

10,459 4.7 16 10 

11,069 2.7 9 6 
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TABLE V 

1.78 Mev Photopeak Mass Iron A m o u n t  O f  
Counts /Min /mg Si (mg 1 Mixture Used 

1492 50.9 200 mg 

16 45 199 200 mg 

1619 

1580 

351 

418 

200 mg 

100 mg 

1581 350 100 mg 

1602 50 100 mg 

Average = 1586 

TABLE VI 

1.78 Mev Photopeak Mass M g  
Counts - m g  

130,252 

125,072 

117,924 

105,230 

110,731 

Average = 117,841 

6.0 

18.1 

30 

60 

2 44 
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TABLE VI1 

.84 MeV Photopeak Mass O f  Magnesium 
Counts - mg 
5847 

5249 

5015 

4688 

4436 

Average 5037 

6.05 

18.09 

30.05 

59.8 

2 44 
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Figure 1. Calibration Curve for  the 
Determination of Aluminum 
Using Mixture 1 
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Determination of S i l i c o n  
Using Mixture 2 
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111. Detector Research - by C a r r o l l  F. Lam 

Introduct ion:  Fu r the r  research i s  be ing  conducted on 

pe r fec t ing  t h e  pu l se  shape d iscr imina t ion  c i r c u i t r y  f o r  use 

with t h e  dua l - c rys t a l  s c i n t i l l a t i o n  d e t e c t o r  f o r  Compton re- 

duct ion described i n  t h e  last r e p o r t  (Menon, 19641, and t h e  

progress  achieved so f a r  i s  summarized i n  t h i s  r epor t .  

This  work has  been d i r ec t ed  t o  two major a reas :  (1) o p t i -  

mizing t h e  r e l a t i v e l y  simple pulse  shape d i sc r imina to r  des- 

cribed i n  t h e  previous r e p o r t ,  and ( 2 )  i n v e s t i g a t i n g  o t h e r  

poss ib l e  methods of pu l se  shape d iscr imina t ion .  The o v e r a l l  

research  ob jec t ive  i s  t o  provide important Compton reduct ion  0 
advantages f o r  p o t e n t i a l  e x t r a - t e r r e s t r i a l  gamma-ray spectro-  

n e t r y  . 
Experimental System: Figure 1 shows t h e  dua l  c r y s t a l  de= 

t e c t o r  system. A 3" x 3" NaI(T1) primary d e t e c t o r  c r y s t a l  i s  

surrounded on t h e  s i d e  and top by a 5" x 5" C s I ( T 1 )  secondary 

c r y s t a l .  A 5" photomul t ip l ie r  tube i s  o p t i c a l l y  coupled t o  

t h e  t o p  of t h e  C s I  c r y s t a l  t o  d e t e c t  l i g h t  p u l s e s  emanating 

from both  c r y s t a l s .  

The p r i n c i p l e  of operat ion i s  as  follows: When a gamma 

ray  has  a p h o t o e l e c t r i c  i n t e r a c t i o n  i n  t h e  N a I  c r y s t a l ,  t h e  
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r e s u l t i n g  f a s t  rise l i g h t  pulse  i s  de tec ted  by t h e  photomul- 

t i p l i e r  through t h e  C s l  c r y s t a l ;  however, when a gamma ray  

undergoes a Compton i n t e r a c t i o n  i n  the N a I  c r y s t a l  and t h e  

s c a t t e r e d  gamma ray, w i th  reduced energy, escapes from t h e  

N a I  c r y s t a l  and i n t e r a c t s  i n  t h e  C s I  c r y s t a l ,  the shape 

of t h e  photomul t ip l ie r  output  p u l s e  is  a l t e r e d .  The l i g h t  

p u l s e  from the  i n t e r a c t i o n  i n  t h e  C s I  c r y s t a l  w i l l  add a 

slow component t o  t h e  l i g h t  pu lse  produced i n  t h e  NaI c ryska l  

so t h a t  t h e  vo l t age  p u l s e  produced by t h e  photomul t ip l ie r  

w i l l  have a s l o w e r  rise and decay t i m e  t han  it would f o r  a 

0 N a I  p h o t o e l e c t r i c  i n t e r a c t i o n  only. 

A block  diagram of t h e  e l e c t r o n i c s  system i s  shown i n  

F igu re  2. 

The d i sc r imina to r  c i r c u i t  p re sen t ly  i n  use  i s  shown i n  

F igure  3. It i s  s i m i l a r  t o  the  c i r c u i t  by R e t h m e i r  e t  a1 

( R e t h m e i r  et a, 1961) which was used t o  d i sc r imina te  between 

d i f f e r e n t  t ypes  of r a d i a t i o n  i n  a s i n g l e  c r y s t a l .  A s i m i l a r  

c i r c u i t  was used i n  a s a t e l l i t e -bo rne  d e t e c t o r  system by 

Kraushaar (Kraushaar, 1962) a t  MIT. T h i s  c i r c u i t  is supposed 

t o  g i v e  a negat ive output  pu lse  only when the  f a s t - r i s e  ( N a I )  

p u l s e s  occur. 
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Resul ts :  Figure 4 i l l u s t r a t e s  t y p i c a l  vo l t age  p u l s e s  

produced a t  t h e  output  of t h e  photomul t ip l ie r  preampl i f ie r  

by equal-energy pho toe lec t r i c  i n t e r a c t i o n s  i n  t h e  NaI and 

C s I  c r y s t a l s .  The upper curve, which i s  f o r  a NaI photo- 

electric event  reaches i t s  maximum value  a t  about one micro- 

second, w h i l e  t h e  lower curve, which i s  for  a C s I  photoelec- 

t r i c  event  of t h e  same energy a s  t h e  upper curve,  reaches 

i t s  maximum a t  about two microseconds. I t  can be seen t h a t  

the  luminescent e f f i c i e n c y  of t h e  C s I  c r y s t a l  is about one- 

t h i r d  t h a t  of t h e  N a I  c r y s t a l .  

Figure 5 i l l u s t r a t e s  t y p i c a l  r e s u l t s  obtained wi th  t h e  

p r e s e n t l y  used d iscr imina tor  c i r c u i t ,  The sample was a com- 

b i n a t i o n  of Co60 and Sb125, 

shape g a t i n g  and the  lower curve is with  p u l s e  shape ga t ing ,  

I t  can be seen t h a t  t h e  a reas  of t he  0.427 and 0.6 Mev Sb 125 

peaks have been enhanced. 

ua ted  b u t  no t  completely l o s t ,  The l a r g e  peak on the l e f t  

of t h e  upper curve a r e  t h e  twin p h o t o e l e c t r i c  peaks of Co60 

i n  t h e  C s I  c r y s t a l .  

reso lved  by t h e  C s I  c r y s t a l .  This  l ack  of r e s o l u t i o n  has n o t  

been f u l l y  inves t iga t ed  although it is s t rong ly  suspected t h a t  

it can be a t t r i b u t e d  t o  t h e  unusual shape of t h e  C s I  c r y s t a l  

The upper curve i s  without pu l se  

The 0.175 Mev Sb 125 peak is  a t ten-  

It can be seen t h a t  t w o  peaks a r e  not  
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and the m u l t i p l e  r e f l e c t i o n s  t h a t  l i g h t  photons produced i n  

t h e  lower po r t ion  of t h e  c r y s t a l  may undergo before  reaching 

t h e  photomult ipl ier .  However, t h i s  l a c t  of r e s o l u t i o n  does 

n o t  seem t o  c r e a t e  any problems i n  t h e  system s i n c e  t h e  essen- 

t i a l  c h a r a c t e r i s t i c s  of t h e  C s I  p u l s e  shape a r e  maintained. 

F igure  5 a l s o  i n d i c a t e s  t h a t  t h e r e  i s  very l i t t l e ,  if 

any, reduct ion i n  t h e  Compton continuum a t  t h e  Compton edge. 

The amount of Compton reduct ion,  however, seems t o  inc rease  

l i n e a r l y  wi th  decrease i n  energy b e l o w  t h e  Compton edge. 

The i n c r e a s e  i n  Compton reduct ion  as t h e  energy decreases  

0 below t h e  Compton edge can be a t t r i b u t e d  t o  t w o  e f f e c t s .  F i r s t ,  

a t  ene rg ie s  corresponding t o  t h e  Compton edge, t h e  Compton 

s c a t t e r e d  gamma ray i s  s c a t t e r e d  a t  an angle  of about 180° 

wi th  respect t o  t h e  incoming gamma ray. 

s t a l  geometry used i n  t h i s  d e t e c t o r  system, gamma rays  scat- 

t e r e d  a t  t h e s e  angles  w i l l  not p a s s  through t h e  C s I  c r y s t a l .  

Secondly, due t o  t h e  l a rge  N a I / C s I  energy ratios a t  t h e  

With t h e  sample/cry- 

Compton edge and t h e  d i f f e rence  i n  luminescent e f f i c i e n c i e s  

of t h e  t w o  c r s y t a l s ,  t h e  r e l a t i v e  magnitudes of t h e  l i g h t  

p u l s e s  produced i n  t h e  t w o  c r y s t a l s  may be d i f f e r e n t  by a 

f a c t o r  of 15. 

he igh t s ,  t h e  C s I  component w i l l  have very l i t t l e  e f f e c t  on 

Because of t h i s  l a r g e  d i f f e r e n c e  i n  pu l se  

0 
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t h e  r e s u l t a n t  photomul t ip l ie r  p u l s e  and t h e  p r e s e n t  pu l se  shape 

d i sc r imina to r  c i r c u i t  is  n o t  s e n s i t i v e  enough t o  recognize t h i s  

slow component and reject t h e  pulse .  

ConclusionE: The d e t e c t o r  i n  conjunction wi th  t h e  pre- 

s e n t l y  used d iscr imina tory  c i r c u i t  i s  capable of reducing t h e  

a rea  of t h e  Compton background by about a factor of two. 

appears t o  be about the l i m i t  of Compton reduct ion wi th  t h e  

p r e s e n t l y  used d i sc r imina to r  c i r c u i t .  

This  

An a l t e r n a t e  method of pu lse  shape d iscr imina t ion  i s  pre- 

s e n t l y  being s tud ied  t o  offer possibil i t ies of considerbly in- 

0 creased  Compton reduct ions.  This method was elsewhere used 

(Bass et al, 1964) to discr imina te  between d i f f e r e n t  t ypes  of 

particles i n  a s i n g l e  c r y s t a l .  

I n  t h i s  method t h e  pulses  frcn t h e  photomul t ip l ie r  are 

passed through a double de lay  l i n e  ampl i f ie r .  Th i s  type of 

a m p l i f i e r  produces a bipolar output  pulse .  It was found by 

B a s s  t h a t  t h e  zero  cross-over t i m e  of t h e  output  p u l s e  was a 

func t ion  of t h e  rise time of t h e  inpu t  pulse.  

of d i f f e r e n t  s p e c i f i c  i on iza t ion  d e n s i t i e s  produce.pulses '  of 

d i f f e r e n t  rise time, i n  a N a I  c r y s t a l ,  B a s s  was a b l e  t o  use  

t h e  d i f f e r e n c e  i n  zero  cross-over times to d i s c r h i n a t e  be- 

tween t h e  d i f f e r e n t  i n t e r a c t i n g  p a r t i c l e s .  

Since p a r t i c l e s  

0 
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It is believed that a similar approach can be used to pro- 

vide better Compton reduction with the dual crystal detector. 

Figure 6 shows a typical s e t  of double delay line amplifier 

output pulses from equal energy NaI and CsI interactions. The 

large pulse is the NaI photoelectric event and the smaller 

pulse is the C s I  photoelectric event. It can be seen that there 

is about 0.2 microseconds difference in zero cross-over times. 

The pulses that result from Compton interactions cross-over 

at times between those of the C s I  and NaI photoelectric pulse 

cross-over times, Bass was able to obtain cross-over time re- 

solutions of less than 10 nanoseconds. 0 
A double delay line amplifier is on order and circuits are 

being designed that can discriminate the different zero cross- 

over points, 



111-7 

References : 

Bass, R. et a l . ,  Nucloar Instruments and Methods, 30, 237 (1964). 

KraUShaar, W. L., Personal Communication, (1962). 

Menon, M. P . ,  Semi-Annual Progress Report, May 1 - November 1, 
1964, Activation Analysis Research Laboratory, Texas 
Engineering Experiment Station,  Texas A&M University,  
College Stat ion,  Texas, 

Retbxncir, J. gt a l . ,  Nuclear Iastruments and Met3ods, 13,  1 5 3  
(1961) 



111-8 

x 5. CSI(TL 
CRYSTAL 

3. X 3' NAI(TL) 
CRYSTAL 

~ 
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IV. Prel iminary S tud ie s  O n  The Possible U s e  Of S i n q l e  Channel 
Analyzers P " Y U  For The 14  Mev Neutron Act iva t ion  Analvsis  Of 
The Major Elemgners I n  RLck Samdes  - Pedro Jimenez and 
r h y d  E. F i t 5  

In t roduct ion:  

- 

L 

The u t i l i t y  of multichannel ana lyzers  i n  

t h e  s c i n t i l l a t i o n  spectrometry is  widely recognized and they  

a r e  inc reas ing ly  used i n  t h e  a c t i v a t i o n  a n a l y s i s  of var ious  ma- 

t e r i a l s .  However, i n  some se l ec t ed  c a s e s  of a n a l y s i s ,  s i n g l e -  

channel ana lyzers  may have t h e  advantages of l i g h t  weight, s i m -  

p l i c i t y ,  reduced Cost,  and l e s s  dead t i m e  t o  produce a c t i v a t i o n  

a n a l y s i s  da t a  on an i r r a d i a t e d  sample. An important advan- 

tage of a s i n g l e  channel analyzer  i s  i t s  l o w  reso lv ing  t i m e  

which i s  about t w o  microseconds pe r  pulse .  I n  a commonly used 
0 

multichannel ana lyzer ,  the dead t i m e  i s  governed by t h e  cir-  

c u i t r y  of t h e  analog t o  d i g i t a l  conver te r  and i s  a func t ion  of 

t h e  channel number i n t o  which a p a r t i c u l a r  p u l s e  i s  being stored. 

If t h e  mat r ix  i s  such t h a t ,  on a c t i v a t i o n ,  t h e  major i s o t o p e s  

produced have gama-ray energ ies  and/or h a l f - l i v e s  widely d i f -  

f e r e n t  from one another ,  single channel ana lyzers  may be better 

s u b s t i t u t e d  f o r  multichannel analyzers .  S ingle  channel analy- 

zers have been success fu l ly  used by o t h e r  au thors  f o r  s p e c i f i c  

analyzes (V100d and RDper, 1955, Van Wyk sL, 1965) . 
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The present application involves the analysis of rock sam- 

ples for five major elements, 02, Mg, Al, Si and Fe all of which 

give radionuclides upon activation with 14 Mev neutrons with dif- 

ferent gamma-ray energies and half-lives (See Table I). It was 

felt desirable to examine the possibility of using single channel 

analyzers for the above analysis for possible extra-terrestrid 

applications. 

made toward this end. 

This chapter summarizes the progress that has been 

Experimental Procedure: Figure 1 shows a block diagram of 

the system used for this study. The detection assembly consists 

of two matched 3" X 3" NaI(T1) scintillation crystals. Output 

pulses from the crystals are amplified by an amplifier common to 

both the multichannel analyzer and the single channel a~alyzers. 

The multichannel analyzer is calibrated to count gamma rays from 

0 to 4 Mev in energy. 

calibrated so that the windows are set at .84 MeV, 1.78 Mev and 

2.75 MeV, respectively, corresponding to about 8 channels for 

each peak. Data for a set of similar samples from the multi- 

channel analyzer was used as a check on the relative counts ob- 

tained from the single channel analyzers. 

nined whether there is appreciable channel drift or background 

addition to the counts from the single channel analyzers. 

-_ 

The three single channel analyzers were 

Thus, it can be deter- 



IV-  3 

I n  t h i s  experiment, t h e  samples w e r e  a c t i v a t e d  f o r  f i v e  

minutes and counted f o r  t w o  minutes a f t e r  wai t ing  t i m e s  of 5 ,  

17, 75 and 133 minutes. 

Resu l t s  and Discussions: Known samples of M g ,  Al, S i  and 

Fe have been a c t i v a t e d  and counted t o  s tudy t h i s  r e l i a b i l i t y  of 

s i n g l e  channel ana lyzers  for  measuring t h e  r e spec t ive  a c t i v i t i e s  

produced by 1 4  Mev neutrons,  

To eva lua te  t h e  r ep roduc ib i l i t y  of t h e  d a t a ,  f i v e  rcpeti- 

t i v e  runs on a series of s i l i c o n  samples w e r e  made. Theae-data 

a r e  presented i n  T a b l e  11, 

formed wi th  s i n g l e  channel analyzers  a r e  a s  precise a s  those  

performed wi th  a multichannel analyzer ,  a t  l e a s t  when t h e r e  is  

only  one major a c t i v i t y  present  i n  t h e  i r r a d i a t e d  sample. 

These da t a  show t h a t  ana lyses  per- 

0 

For a mat r ix  containing a l l  f o u r  elements, one has t o  t ake  

i n t o  cons idera t ion  t h e  following equat ions  f o r  t h e  t reatment  of 

t h e  da ta :  

A-84 (tw = 5 min) = A~g-27 + AMn-56 + ANa-24 (Compt. ) + 

AA1-28 (Compt,). - - 0 0 0 . (1) 

~ , 8 4  (tw = 17 min) = ANgz7 + ANn-56 -t ANa-24 (Compt.) + 

AA1-28 (Compt.) , . . . 0 0 0 0 a(;) 



where A.84 is t h e  t o t a l  

peak, A1-78 t h a t  due t o  

a c t i v i t y  corresponding t o  t h e  0.84 Mev 

t h e  1.78 Mev peak and A2-75 i s  t h e  a c t i -  

v i t y  due t o  2.75 Mev peak. The problem of i n t e r f e r e n c e  r e s u l t i n g  

f r o m  o t h e r  nuc lear  r eac t ions  on some of t h e s e  elements (See Table 

I)  has  n o t  been taken i n t o  account i n  t h e  abovg equations.  

Carefu l  measurements of t h e  gamma spectrum of each element 

w i l l  be made t o  eva lua te  t h e  e x t e n t  of t h e  Compton continuum 

and i t s  r ep roduc ib i l i t y .  After  eva lua t ion  of a l l  f a c t o r s  in- 

volved i n  t h i s  method, a group of s tandard rock samples w i l l  be 

analyzed and t h e  r e s u l t s  compared wi th  multichannel ana lys i s  
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r e s u l t s  to ascertain whether or not the s i n g l e  channel analyzers 

are  practical f o r  the analysis  of the rock samples. 
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V, Instrumental  Act iva t ion  Analysis of Meteor i tes ,  S i d e r o l i t e  
and Tekt i te  Usinq 14 Mev Neutrons - by M, P. Menon. Ph,D. 

Introduct ion:  There is a v a s t  amount of data a v a i l a b l e  i n  

l i t e r a t u r e  concerning t h e  elemental  composition of s tone  meteor- 

i t e s  which a r e  be l i eved  t o  r ep resen t  t he  o r i g i n a l  s o l a r  ma t t e r  

(Urey and Craig,  1953; Ahrens et al, 1960). 

i tes w e r e  selected t o  measure the cosmic abundance of the ele- 

Chondr i t ic  meteor- 

ments because they  w e r e  found t o  be reasonably uniform i n  t h e i r  

composition a t  l e a s t  wi th  r e spec t  t o  the l i thophi le  elements,  

such as, N a ,  K, S i ,  A l ,  M g  and so on, and any dev ia t ion  from 

t h i s  uniformity observed i n  a chondr i t e  is i n d i c a t i v e  of some 

sor t  of f r ac t iona t ion .  Most of t he  measurements on the  abun- 
0 

dance of major elements i n  me teo r i t e s  have, however, been made 

us ing  the so-cal led c l a s s i c a l  g rav ime t r i c  procedures (Ahrens, 

LOC. c i t . )  and the  c o e f f i c i e n t  of var iance  among these r e s u l t s  

seems t o  be l a r g e r  than t h e  usua l  sys temat ic  error. It has 

a l s o  been reported tha t ,  based on the  a v a i l a b l e  data, t he  l i t h o -  

ph i le  elements, S i  and M g ,  a r e  s i g n i f i c a l l y  f r ac t iona ted  i n  

c h o n d r i t i c  me teo r i t e s  (AhrenS, 1964) and t h e r e  i s  an  inve r se  re- 

l a t i o n s h i p  between t h e  concent ra t ions  of t h e  two most abun- 

dan t  cons t i t uen t s ,  M g  and Fe, i n  chondri tes .  Information re- 

gard ing  the abundance of some of these major elements and t h e i r  0 
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r a t i o s  w i l l  help i n  l ea rn ing  more about the  h i s t o r y  and probably 

t h e  o r i g i n  of these meteorites. Apart from the f a c t  t h a t  14 Mev 

neutron a c t i v a t i o n  a n a l y s i s  of meteorites may g ive  more r e l i a b l e  
- 

d a t a  on the  cosmic abundances of some of t h e s e  elements, it w i l l  

a l s o  help t o  optimize t h e  condi t ions f o r  t h e  a n a l y s i s  of ex t r a -  

t e r r e s t r i a l  samples which may be s i m i l a r  i n  composition t o  the 

luna r  s u r f a c e  m a t e r i a l  (Urey, 1959). Another motivat ion behind 

t h e  m e t e o r i t i c  s tudy is  t h e  expec ta t ion  t h a t  some recovered lu- 

nar-surface m a t e r i a l  may be a v a i l a b l e  i n  the  f u t u r e  for  a sys- 

t ema t i c  l abora to ry  ana lys i s ,  

ins t rumenta l  techniques for  t h e  a n a l y s i s  of such a "prec ious '  

sample so as t o  make it a v a i l a b l e  t o  other l a b o r a t o r i e s  for 

i n t e r l a b o r a t o r y  comparison of t h e  f i n a l  r e s u l t s  (Fisher and Curni,  

1964). 

ployed t o  i r r a d i a t e  the sample f o r  t h e  determinat ion of such trace 

elements l i ke  Sc, Mn, Co and o thers ,  The meteorite, a represen- 

t a t i v e  of e x t r a - t e r r e s t r i a l  samples ,  may serve a s  a good speci- 

men on which a n a l y t i c a l  techniques can be per fec ted .  ' N o t  many 

It seems d e s i r a b l e  t o  use  only 

0 

Reactor neutrons,  w i t h  a high f l u x ,  may have t o  be em- 

ana lyses  have been done on s i d e r o l i t e  and tek t i tes  using neu- 

t r o n  a c t i v a t i o n  techniques; t he r fo re ,  it was f e l t  worthwhile to 

attempt t o  measure the concentrat ion of  t h e  major elements us ing  

s i m i l a r  techniques.  a 
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Only preliminary r e s u l t s  of t he  s i l i c o n  measurement a r e  in- 

cluded i n  t h i s  repor t .  A method f o r  measuring t h e  ind iv idua l  

a c t i v i t i e s  of MnS6 produced b y  t h e  FeS6(n,p)Mns6 reac t ion  and 

M g 2 7  produced by t h e  A127(n,p)Mg27 reac t ion  both  of which have 

i d e n t i c a l  gamma-ray peaks is described below. 

Experimental Procedures: The experimental  set-up t h a t  was 

used f o r  t h e  ana lys i s  was t h e  same a s  w a s  descr ibed i n  t h e  pre- 

vious r e p o r t  (Menon, 1964). The sample s i z e s  used f o r  t h e  si l i-  

con measurement w e r e  a l l  500 mg.  A l l  t he se  samples w e r e  a c t i -  

vated for  1 minute and counted f o r  t h e  same per iod a f t e r  a delay 

of 1 minute and 3.3 minutes, respect ively.  A t y p i c a l  t i m e  de- 

pendent gamma-spectrum of one of t h e  samples i s  shown i n  Figure 

1. The photopeak a c t i v i t y  was computed by Cove l l ' s  method (Covell ,  

19591, correc ted  for  t h e  neutron dose and compared wi th  t h e  a c t i -  

. 
v i t y  of t h e  s i l i c o n  standard t o  measure t h e  s i l i c o n  content.  

Two o r  t h r e e  sets of samples with weights ranging from 1 g 

t o  2.5 g w e r e  a c t i v a t e d  with 14  Mev neutrons f o r  f i v e  minutes t o  

determine t h e  concentrat ion of A 1  and Fe i n  them. Each of t h e s e  

samples was counted f i v e  times with d i f f e r e n t  wai t ing i n t e r v a l s  

in-between so t h a t  t h e  components, M g 2 7  and Mn56, of t h e  t o t a l  

0.84 Mev photopeak a c t i v i t y  may be resolved. 

Typical time dependent gamma-spectra of a chondri te  and a 
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s i d e r o l i t e  sample r e s u l t i n g  from t h e  first and l a s t  count a r e  

shown a s  Figure 2 and 3, respec t ive ly .  

Resul t s  and Discussions: The r e s u l t s  of t h e  s i l i c o n  anal-  

yses  are shown i n  Table I. 

the ana lys i s  can be improved by r epea t ing  some of these  measure- 

ments t ak ing  counts  a t  d i f f e r e n t  wai t ing  t i m e s  and ex t r apo la t ing  

t h e  a c t i v i t y  t o  zero  wai t ing  t i m e .  

It is hoped t h a t  t h e  p rec i s ion  of 

The method used i n  t h e  pas t  for  measuring t h e  Mg2’ and Mn56 

a c t i v i t i e s  i nd iv idua l ly  was t o  count t h e  ac t iva t ed  sample t w i c e ,  

one a t  a wai t ing  t i m e  of about 10 minutes and the o the r  a t  a 

wa i t ing  t h e  of about 130 minutes. The 0.84 Mev photopeak a c t i -  

v i t y  obtained from t h e  second count (which is mostly due t o  Mn56) 

is ex t r apo la t ed  back t o  t h e  f i r s t  wai t ing  t i m e  and sub t r ac t ed  

from the  a c t i v i t y  from t h e  first count t o  g e t  t h e  Mg27 a c t i v i t y .  

The r e s u l t s  from such measurements a r e  based on one s i n g l e  count 

for each element which is not  a s  p r e c i s e  as poss ib l e .  

t e r n a t e  method t o  save t ime for t h e  ana lys i s  of a sample and 

probably t o  g e t  better p rec i s ion  i n  t h e  measurement is t o  count  

t h e  ac t iva t ed  sample a t  l e a s t  5 times wi th in  30-40 minutes  a f t e r  

i r r a d i a t i o n  and determine the  ind iv idua l  a c t i v i t i e s  from a BilJ-er 

p l o t  *-- ( B i l l e r ,  1953). If AT i8 t h e  t o t a l  a c t i v i t y  due t o  Mn56 and 

Mg2’ a t  any t i m e  a f t e r  t h e  end of i r r a d i a t i o n ,  

An al- 
/ 
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0 . e-Xlt + AO . e-*2t . . . . . . . . . . . . .  (1) AT = A1 
2 

0 where A and A i  a r e  t h e  a c t i v i t i e s  due t o  Mn56 and Mg27 a t  t h e  1 

end of i r r a d i a t i o n  and x1 and 12 a r e  t h e  r e spec t ive  decay con- 

s t a n t s .  

This  equation may be rearranged a s  follows: 

AT ea l t  = Ao + A Z  0 e = h 2 - \ 1 ) t  . . . . . . . . . . . (  2)  1 

The p l o t  of AT exa t  aga ins t  e - ( l 2 - \ l ) t  i n  a l i n e a r  graph pa- 

per w i l l  g i v e  a s t r a i g h t  l i n e  t he  slope of which g i v e s  t h e  va lue  

f o r  A; and t h e  i n t e r c e p t  w i t h  the o r d i n a t e  g i v e s  t h a t  f o r  AT. 

Figure  4 shows t w o  such B i l l e r  p l o t s  used t o  measure t h e  Mg27 and 

Mn56 a c t i v i t i e s  i n  a chondr i te  and a s i d e r o l i t e  sample. This  has  

both  aluminum and i r o n  present i n  it while  the  sideroli te con- * 
t a i n s  no apprec iab le  amount of aluminum. 

The p r e c i s e  measurement of t h e  aluminum and i r o n  conten t  of 

t h e  above samples will be made i n  the  f u t u r e  us ing  B i l l e r  p l o t s .  
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TABLE I 

Preliminary Results From 14 Mev Neutron Activation Analysis 
Of Meteorites, Siderolite and Tektite For Silicon 

Wt of Sample Silicon Content Mean Value (mg/g) 
Sample Used (mg/g) With 

Standard Deviation 

Chondrite 500 mg 
Nebraska 500 mg 

500 mg 
500 mg 

Chondrite 
Kansas 

Siderolite 
Kansas 

0 

Tektite 
Bohemia 

500 mg 
500 mg 
500 mg 

500 mg 
500 mg 
500 mg 
500 mg 

500 mg 
500 mg 
500 mg 
500 mg 

185.0 
231.0 

253.0 
224.0 

171.8 
212.0 
189.0 

157.0 
154.0 
160.8 
133.4 

430.0 
374.0 
414.0 
456.0 

~- 

223 2 28 

191.0 20 

151 2 12 

419 2 43 
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